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Abstract 
In the present study, oily wastes generated by local shipping operations were used 
in chemical analyses and ecotoxicological experiments. As shown by chemical analyses, 
input of heavy metals from oil into marine environment was low whereas that of 
polycyclic aromatic hydrocarbons (PAHs) was high. In the first part, toxicity of oily 
wastes to marine environment was assessed by ecologically orientated bioassays. Species 
from different trophic levels were used, namely Vibrio fischeri (bacterium), Chlorella 
pyrenoidosa CU-2 (microalga), Elamopus rapcoc (amphipod) and Ambassis 
gymnocephalus (fish). Except V. fischeri, all of the test organisms are indigenous 
species. C. pyrenoidosa CU-2 was not affected by water-soluble fractions (WSFs) of oily 
wastes. Lethal or sub-lethal effects were observed in other organisms, though response 
and sensitivity of the test organisms varied. Linear correlation and Spearman's rank order 
correlation did not show significant relationship between toxicity of WSFs and 
concentration of ten major heavy metals or sixteen certified PAHs. The result implied 
that in real situation, heavy metal and PAHs are not concentrated enough to kill those test 
organisms. Some other unidentified constituents were responsible for acute toxic effects. 
There were no significant correlations among various toxicity test data. The four species 
had distinct sensitivities to WSFs and they cannot substitute one another in evaluating 
toxicity of oily wastes. 
In the second part, toxicity of PAHs in oily wastes was focused. PAH fraction 
was extracted from oil samples by supercritical fluid extraction and silica gel column 
chromatography. The extract was found to contain high level ofPAHs and trace amount 
of heavy metals. This fraction exerted lethal effect on three indigenous species, namely 
II 
C. pyrenoidosa CU-2 (microalga), Parhyale plumulosa (amphipod) and Sparus sarba 
(fish). Sublethal effect was also observed in V. fischeri (bacterium). Statistical 
comparisons showed strong and significant correlations between concentration of total 
PAHs in the extract and toxicity test data. It was due to the elevated level of PAHs in 
concentrated toxicant There were good agreements between result of the four bioassays, 








fischeri (細菌）、Chlorellapyrenoidosa CU-2 (微藻）、Elamopus rapax (節肢動物）和 
乂所^)以肌-^^^历《0。^^如/"4魚類)°除了 Vfischeri^，其餘三種均屬本地品種。實 
驗結果顯示這些生物對廢油的水溶部份(WSFs)反應及敏感情度各異�WSFs可 








別是 Chlorella pyrenoidosa CU-2 (微藻）、Parhyale plumulosa (節肢動物）和 Sparus 
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Hong Kong is one ofthe busiest ports in the world. There were 20,445 ocean vessels 
traveling in and out the habour each quarter in 1998 (Census and Statistics Department 
Hong Kong, 1998). The number is estimated to increase to over 33,000 by 2006 (Census 
and Statistics Department Hong Kong, 1996). Daily shipping operations generate a large 
amount of oily wastes. These routine operations include bilge and ballast pumping, as 
well as tank washing in between cargo loadings. Local oil supply mainly depends on 
import via sea route, so a wide range of oil products can be found in these wastes. As 
oily wastes originating from these practices contribute to 20% of oil pollution (Schmitz, 
1996), their harmful effect on marine environment should be concerned though large-
scale oil spill is rare in Hong Kong. 
1.2 Sources of oil pollution 
Oil inputs to the marine environment come from a variety of sources, including 
natural and anthropogenic. In respect of natural sources, oil is released through the 200 
marine oil seeps worldwide. These oil seeps are found offshore of California and Alaska, 
off the northeast coast of South America, and in the Arabian Gulf, the Red Sea, and the 
South China Sea (George, 1996). Oil is released from underground deposits when 
petroleum sources or reservoir beds are uplifted to the surface in tectonically active areas. 
It has been estimated that input of oil as seepage is 0.02 - 2.0xl0^ tons/year (Laws, 1993). 




only few places where erosional inputs can be studied in detail, inputs of oil are estimated 
with uncertainty. 
In fact, the majority of oil discharges originate from human activities QSfational 
Academy of Sciences, 1985). In the offshore oil production, oil is extracted from the 
seabed that invariably contains some water (production water) which must be extracted 
before the oil is transported to the refinery. This is done by oil separators on the platform 
and the oil concentration in the water that is discharged is usually less than 40 ppm 
(mg/L), but in aggregate this amounts to a considerable quantity. 
A significant portion of the world's oil production is transported by sea (Tusiani, 
1996). About 80+5% of the oil transported by tankers is crude, the remainder being 
refined products. After a tanker has unloaded its cargo of oil it has to take on seawater as 
ballast for the return journey to the oil fields. The ballast water is usually stored in the 
cargo compartments which previously contained the oil. During unloading ofthe cargo, 
a certain amount of oil remains clinging to the walls of the compartments. This may 
amount to as much as 0.35% of the tanker's carrying capacity. The ballast water 
inevitably becomes contaminated with this "clingage" which in any case has to be 
cleaned from all the compartments before they can be filled with a fresh cargo of oil. 
Discharges of this dirty ballast and clingage into the sea are responsible for much of 
casual oil pollution to marine environment. 
Apart from production ofballast water, discharges at dry docks and marine terminals 
are another sources of oil pollution in marine transportation (Connell and Miller, 1984). 
All ships, including oil tankers, require periodic dry-docking for servicing, repairs, 
cleaning the hull, and so on. At such times they must be free of oil and gas. So rigorous 
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cleaning is required because of the danger of explosions. Some dry docks provide 
facilities for receiving the washings from this cleaning, but in the absence of such 
facilities, tankers must discharge their washings at sea prior to entering dry dock. 
Discharges at marine terminals are partly due to human errors, for example pipeline 
failure, overfilling tanks and disconnecting hoses without adequate drainage. Other 
causes of spillage include line or hose failures and storage tank ruptures. 
In order to maintain stability, all shipping may need to take on ballast water when 
travelling unladen or in bad weather. Since ballast tanks occupy valuable cargo space 
and are limited in size, so additional ballast may be carried in empty fuel tanks. When 
the ballast water is pumped overboard, it carries oil into the sea. In addition, all shipping 
needs to pump out bilge water which invariably contains oil from the ship's engines. 
As mentioned above, oil inputs come from a variety of sources. It is not surprising 
that tanker accidents are by far the most important and apparent contributor to oil 
pollution among all sources. The average discharge from tanker accidents is about 
0.4xl09 tons/year but the amount varies considerably from year to year, depending on the 
frequency of supertanker accidents (Laws, 1993). The largest tanker accident to date 
involved the Atlantic Empress and Aegean Captain, which crashed in a thunderstorm in 
east Tobago in 1979. Whereas the wreck ofthe Exxon Vcddez, the largest tanker accident 
in U.S. coastal waters, released 0.035xl0^ tons of oil into Prince William Sound in 1989. 
Tanker accidents are one of the most important causes of oil discharges into the ocean, 
both in terms of quantity of oil and environmental impact. Because many tanker 




Although large-scale oil spill caused by tanker accident is rare in Hong Kong, it is 
common to observe oil slicks floating on local waters. Since no marine seeps nor 
petroleum sources are found near Hong Kong, contribution of oil pollution from natural 
sources is virtually absent. As local marine transportation is busy, generation of oil water 
and oily wastes in dry docking, marine terminals and daily operations of all kinds of 
vessels pose a threat to marine environment. Nowadays, oil water and oily wastes 
produced in shipping activities are collected by a chemical treatment plant called 
EnviroPace Ltd on Tsing Yi Island. All oil collected is destroyed by incineration. 
However, only about a hundred waste collections are requested every month. 
Apparently, there is a significant discrepancy between this figure and the number of ships 
traveling in local waters. It implies a possibility of improper handling or discharge of 
waste oil. On the other hand, supply of refined oil products depends mainly on 
Singapore, China and Australia via sea route. The possibility of tanker accidents should 
therefore be aware. 
1.3 Composition of oil 
In order to understand the impact of oil on marine ecosystem, composition of oil 
should be considered. Oil refers to crude oils and a wide variety of refined oil products. 
Natural crude oils are extremely complex substances. They vary in chemical 
composition, colour, viscosity, specific gravity, and other physical properties. Crude oils 
consist primarily of hydrocarbons, which are, compounds containing carbon and 
hydrogen only (Whittle et al., 1982). Some crude oils contain as much as 98% 




nitrogen, and/or oxygen, with sulfur being more abundant than nitrogen and nitrogen 
more abundant than oxygen. Moreover, there may be small amounts of metals such as 
nickel, vanadium, and iron (Kallio, 1976). 
Crude oils can be classified according to the relative amounts of major kinds of 
hydrocarbons present (Doerffer, 1992). Four major types of hydrocarbons are found in 
crude oils, namely alkanes, alkenes, naphthenes, and aromatics. Alkanes are 
characterized by branched or unbranched carbon atom chains with hydrocarbon atoms 
attached. Alkanes are saturated as they do not contain carbon-carbon double bonds. 
However, such bonding is found in alkenes. 
Naphthenes are simple closed carbon atom rings that contain no carbon-carbon 
double bonds. They are saturated and have a general formula CnHbn. Aromatics contain 
one or more benzene rings - a 6-carbon ring structure in which the carbon atoms are 
joined by hybrid bonds having intermediate character between a single electron-pair bond 
and a double electronic-pair bond. These compounds may consist of a single aromatic 
ring (benzene) or of two or more rings joined together. In the latter case, they are 
referred as polycyclic aromatic hydrocarbons or PAHs in short. They may have 
substituted groups attached to rings (Connell and Miller, 1984). 
Since refined products are obtained from crude oils, their property and 
composition depend on the source of the crude oil and the various processes to which 
they have been subjected to e.g. fractional distillation and thermal cracking (Clark and 
Brown, 1977). During refinery processes, an array of oil products ranging from heavy to 
light is produced. As oil is boiled, light fractions such as gas and gasoline are produced, 
followed by progressively heavier fractions like aviation fuel, heating oil, diesel, greases, 
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waxes, and finally, asphaltic-type fractions. Hydrocarbons of simple structure and low 
molecular weight such as alkanes in C4-C10 range are dominant in light refinery products. 
In heavier fractions, however, both complexity and molecular weight increase. 
1.4 Fate of oil in the environment 
When oil is discharged into aquatic environment, it spreads quickly to cover large 
areas with a layer of oil varying from micrometers to centimeters thick. Some oils, 
especially heavy crude and refined products, sink and move below the surface, or along 
the bottom, of the water body. The ultimate fate of oil is determined by various 
weathering processes, and they are in turn affected by other factors such as nature of 
spilled oil, geographical location and physiography of the existing environmental 
conditions. Likewise, meterological conditions such as storms can augment effect ofthe 
incident. Also, air and water temperature greatly affect the processes in weathering 
(Laws, 1993). 
Once oil is discharged into water, it is transported in the water body. The ability 
ofoil to be transported throughout the environment by physical oceanographic conditions 
is called spreading and it is the most common weathering process. After oil is spread 
over aquatic environment, fractions of low molecular weight and low boiling point will 
evaporate within a short period of time (Whittle et al., 1982). Those exposed fractions 
are more likely to volatilize and this process is influenced by the degree of spreading, 
temperature, wind speed and sea conditions. On the other hand, oil may enter water 
column in small droplets to form an oil-in-water mixture in a process called dispersion, or 





After oil enters water, some constituents are broken down through natural 
processes. Although photo-oxidation is not a major breakdown process of oil, some 
fractions are degraded by the oxidative and photolytic effect of light. The process is 
particularly enhanced by ultraviolet light (Hansen, 1977). The final products are acidic 
derivatives including alcohols and esthers. They are generally water-soluble and 
biodegradable. It has been estimated that as much as 60% of spilled oil may be broken 
down by biodegradation (Schmitz, 1996). This is an important breakdown process and 
about 200 species, including bacteria, molds, and yeasts, are capable of degrading 
hydrocarbon compounds. Generally, the smaller, straight-chain hydrocarbons are being 
attacked first. Whereas decomposition of ring-structured organic molecules is complex 
and several intermediate steps are often involved. Sometimes the breakdown products 
are toxic (Howarth，1989). 
The limited water-soluble fractions ofoil or refined products will dissolve into water 
upon which it is spilled (McAuliffe, 1966). These fractions are generally included in the 
lighter and intermediate components ofoil. Some of them are rather toxic such as those 
low boiling point aromatics like naphthalene, benzene, toluene and xylene. As their 
limited solubility enhances their bioavailability, they pose a higher acute toxicity to 
marine life. For most hydrophobic fractions, they form oil emulsions and mixtures. 
These substances become thicker with time as evaporation, dissolution, and oxidation 
remove the lighter fractions. As they become thicker and stickier, they will pick up 
sediments, detritus as well as other solid materials, and become heavier. Eventually they 




1.5 Toxic effect of oil on marine ecosystem 
Oil pollution can have both short-term acute effects and long-term chronic effects on 
aquatic environment. Generally, oil adversely affects living organisms by physical (e.g. 
reduced sunlight), habitat (e.g. decreased dissolved oxygen) and toxic actions (Perry, 
1980). More significant than the few single large oil spills are the multitude of average 
day-to-day spills and discharges from shipping activities. They present a distinct long-
term threat to us as well as marine ecosystem. 
1.5.1 Acute toxicity 
The most obvious short-term effect ofan oil spill is the direct smothering of all that 
the oil touches. From the very small, microscopic forms of life to the larger marine 
mammals, dramatic effects have been observed (Johansson et al., 1980; GESAMP, 
1993). Oil destroys waterproofing and insulating properties of plumage of sea birds. As 
a result, they suffer from chilling, and they often unable to fly or remain afloat in the 
water. In addition, direct effects on the gastrointestinal tract, pancreas and liver have 
been documented (Doerffer, 1992). These effects frequently result in ulceration and 
haemorrhaging in the gastrointestinal tract with severe loss of digestive and absorptive 
ability. At the microscopic level the neuston are completely destroyed by floating oil. In 
the sublittoral and intertidal zone, habitat destruction by oil is very common. 
Zooplankton population, especially crustaceans, is severely impacted. The most sensitive 
group appears to be various types of marine larva (Rosenthal and Alderdice, 1976). 
Larvae and eggs were affected at concentration as low as a tenth of a ppm (mg/L) 
(Schmitz, 1996). Crustaceans were also killed in the general range of 1-10 ppm (mg/L) 
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(Miller, 1982). A wide range of toxicity levels was observed for gastropods, from 10 
ppm (mg/L) to several hundred ppm (mgA.) (Moore et al., 1973). Moreover, as low as 2 
to 10 ppb (^ig/L) ofdissolved oil can decrease viability oflarval fish (Vandermeulen and 
Capuzzo, 1983). 
Phytoplankton and most species of marcoscopic algae can be destroyed or damaged 
by contacting petroleum products. Toxic components of oil appear to be able to inhibit or 
delay mitosis at levels from 100 ppb (^ig/L) to as low as 0.1 ppb (^lg/L) (Mironov, 1970). 
Reduction in carbon uptake and decrease in photosynthesis have also been recorded at 
greater than 50 ppb (^ig/L). According to Ramade (1987)，extremely thin films of crude 
oil thinner than 10 [im, may cover over surface of seaweeds {Fucus vesiculosus, 
Laminaria digitat and Porphyra umbilicalis) and cause reduction of gaseous diffusion 
and inhibition of photosynthesis. 
1.5.2 Chronic toxicity 
The continuous, low level of oil in most aquatic systems is implicated in a vast 
array ofenvironment illness. Sublethal effects have been observed down to levels as low 
as 1 ppb (^ igyT.) (Howarth, 1989). Chronic exposure can affect many important biological 
processes such as chemical communication, chemotaxis, reproduction, predation, and 
migration (Schmitz, 1996). It can also interfere with many cellular and physiological 
processes. For the larvae of many species, phototaxis, osmoregulation, chemoreception, 
feeding and respiration are adversely affected by oil. As little as 10 ppb (^ig/L) ofoil has 
been reported to produce inactive or deformed flatfish larvae (Miller, 1982). 
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There is a general agreement that oil at sufficient concentration has deleterious 
effects on benthic communities. Massive kills of benthic fauna have occurred when 
sufficiently large quantities of oil have reached the bottom following spills (Sanders et 
al., 1980). Oil in sediment, even at relatively low concentration, say, 100 M<g/g, can 
change the structure ofthe benthic community wherever the source ofthe oil is (Grassle 
et al., 1981). Sensitive species die or emigrate and are replaced by oil-tolerant, 
opportunistic species. It will result, in general, a decrease in biomass. 
Low levels ofcertain oil components have been proven to bioaccumulate with the 
toxicity potentially biomagnifying. This is especially true for benzo[a]pyrene, and other 
fat-soluble petroleum compounds. These compounds can build up in fatty tissues, and 
remain unchanged for long periods of time. Many of these substances can also taint 
edible species in concentrations as low as 1-10 ppb (^lgy^) in very short periods oftime 
(Connell and Miller, 1981). Tainting does not only reduce the market value offish and 
crustaceans (Ramade, 1987), it may also pose health risks to human consumers. Chronic 
exposure to low concentrations of high-molecular weight polycyclic aromatic and 
heterocyclic compounds may enhance the potential of carcinogenic effects or 
accumulation of carcinogens in marine organisms which is consumed by human as food. 
Tumour formation has also been detected in field populations of fish and molluscs. 
Therefore, human and other predators at top level of food chain are subjected to higher 
risk of cancer. 
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1.5.3 Carcinogenicity of oil 
Subsequent to the entry of an environmental chemical into an organism of higher 
complexity, chemical reactions occur within the body to alter the chemical structure 
(Landis and Yu， 1995). This metabolic conversion process is known as 
biotransformation and it occurs in several tissues and organs such as intestine, lung, 
kidney, skin, and liver. By far, most of these reactions are carried out in liver. It plays 
such a major role in biotransformation because it contains a number of nonspecific 
enzymes which are responsible for catalyzing those related reactions. As a result ofthe 
process, xenobiotics are converted to more water-soluble and more readily excretable 
forms. While the purpose of such metabolic process is probably to reduce toxicity of 
chemicals, however, this does not proven to be always the case. Occasionally, the 
metabolic process converts a xenobiotic to a reactive electrophile that is capable of 
causing injuries through interaction with liver cell constituents (Reynolds and Moslen, 
1980). 
Although unmetabolized polycyclic aromatic hydrocarbons (PAHs) can have toxic 
effects, a major concem is the ability of their reactive metabolites (Eisler, 1987). PAHs 
are major potential carcinogens among petroleum constituents. After being metabolized 
by enzymatic systems such as mixed function oxidase (MFO), reactive metabolites form 
epoxides and dihydrodiols which bind cellular proteins and DNA. The resulting 
biochemical disruptions and cell damage lead to mutations, developmental 
malformations, tumours and cancer. Four-, five-, and six-ring PAHs have greater 
carcinogenic potential than do the two-, three-, and seven-ring PAHs. The addition of 
alkyl groups to the base PAH structure often produces carcinogenicity or enhances 
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existing carcinogenic activity (e.g. 7,12-dimethylbenz[a]anthracene) Some cancerous 
and noncancerous neoplasms have been found in fish from heavily polluted sites (Neff, 
1985). 
1.6 The origins of ecotoxicology 
The term “ecotoxicology，’ was coined by R. Truhaut in 1969 (Tmhaut, 1977; Butler, 
1984), when the scope ofinvestigation into the harmfiil effects of substances on a single 
organisms (the human being) was expanded to include the entire ecosystem. The science 
ofecotoxicology is an outgrowth ofthe link between toxicology, ecology and chemistry 
(Rombke and Moltmann, 1995). According to Moriarty (1983), ecotoxicology is defined 
as the study of the effects of pollutants on ecosystems. Forbes and Forbes (1994) 
extended Moriarty's basic definition as "the field of study which integrates the ecological 
and toxicological effects of chemical pollutants on populations, communities and 
ecosystems with the fate (transport, transformation and breakdown) of such pollutants in 
the environment". 
Ecotoxicology attempts to relate effects of toxic compounds on populations and 
communities in a particular ecosystem rather than to the effects on a single organism, as 
is done in classical toxicology (Shane, 1994). The fundamental goal of toxicology, which 
is to protect human health against damaging influences from the environment, is thus 
extended to include the preservation ofplant and animal life. These natural resources are 
not assessed merely in terms of their economic, aesthetic, educational, scientific or 
recreational value for human beings. Individual organisms, as well as ecosystems as a 
whole, are assigned a value o f t h e i r own. Nevertheless, ecotoxicology follows the path 
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taken originally by classical toxicology in that several acute toxicity tests are being 
devised and used to understand the comparative toxicity of a particular compound on 
many species. 
In the 1950s and early 1960s, technology and science were developing very rapidly. 
The view points were very optimistic _ it was believed that energy problem could be 
solved as nuclear energy was invented. Likewise, technology and science were expected 
to solve most of those crucial problems of human being. However, the pollution 
problems emerged like a bomb explosion. Classical examples include near extinction of 
predatory birds due to accumulation ofchlorinated hydrocarbons e.g. DDT in food web; 
and sharp increase in the numbers of previously negligible pests after insecticide 
application. These unpleasant side effects, as well as the pathway and persistence of some 
chemicals in the environment, and the sensitivity ofnon-targets, came as a surprise, since 
they were completely overlooked and unexpected. 
1.7 Need for ecotoxicity tests 
In 1983, it has been estimated that about 63,000 chemicals are in common use world-
wide, with 3,000 compounds accounting for almost 90% ofthe total weight ofchemicals 
produced by industry. The world's chemical industry now markets 200 to 1,000 new 
synthetic chemicals each year, for which their ecological impact is unclear (Moriarty, 
1983). The need to understand their effect is perceived as being so important and 
ecotoxicology is now receiving emphasis from both legal sectors and scientific field. 
Ecotoxicological research started in the mid-1960s which attempted to reveal as 
many details as possible in the processing oftoxic substances in the environment. There 
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are two main needs for measuring the ecotoxicological effects of chemicals. First of all, 
to predict the impact oftoxicants on ecological systems (Richardson, 1995). These kinds 
of tests are applied to new chemicals prior to their release, and to so-called existing 
chemicals for which their actual effects in the field may still be unknown. Second, to 
assess the changes taking place in ecological systems under the influence of released 
toxic substances (Laws, 1993). These anticipatory tests need to emphasize generality and 
are usually carried out in laboratory-type circumstances with appropriate design and 
control. On the other hand, assessment tests often relate to more-or-less particular 
circumstances and hence are usually carried out in effluent or discharge streams and also 
in receiving ecosystems. 
Nowadays, ecotoxicity tests are strictly defined in legal requirements. The first 
legislation, the Toxic Substances Control Act (ToSCA) was enacted in the United States 
in 1976. Testing ofnew substances is required before they are marketed or discharged. 
Several countries including Japan, Canada, France and Sweden, have already adopted 
legislative measurements in order to protect man and his environment against the risks 
caused by the use of hazardous chemical substances and mixtures. Others, like United 
Kingdom and the European Community, are in advanced stage of preparation (Smeets 
and Amavis, 1985). These data are important in risk assessment and better 
environmental management. Meanwhile, ecotoxicological studies amass dose-effect data 
for better understanding of behaviour of toxic substances in the environment so as for 
developing new models and standardized tests. 
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1.8 Testings in ecotoxicology 
Generally, all ecotoxicity tests are designed to determine the fate or behaviour of 
chemicals, the biological effects of chemicals, or both (Calow, 1996). Tests can be 
classified according to design (i.e. anticipatory or assessment as mentioned previously), 
level ofbiological organization, length of exposure period and endpoint. 
In principle, ecotoxicity tests can be carried out at any level in biological systems 
ranging from molecules e.g. DNA to ecosystems (Peakall, 1992). At low level of 
biological organization, systems become easier to control and reaction times reduce, 
therefore, reproducibility, reliability, robustness and repeatability should all increase. At 
the same time, generality should also increase as the molecular and cellular building 
blocks of biological systems are fairly universal (McCarthy and Shugart, 1990). The 
induction ofmetallothioneins has been related to the exposure ofheavy metal ions, such 
Cd, Hg, Zn and Cu. These metal-binding proteins can be found in a wide range of 
species so these molecules have been used as biomarkers for indicating environmental 
stress (Garvey, 1990). 
On the contrary, relevance increases with increasing complexity (in terms of 
structure and composition) at higher biological levels. At these levels, like multispecies, 
community and ecosystem, ecotoxicity tests allow detection of indirect pollutant effects 
resulting from species interactions, as well as direct toxic effects (Lower and Kendall, 
1990). Multispecies tests may use two or more species within a single trophic level or 
may combine species from different trophic levels in an artificial food chain e.g. the 
present study. In contrast, community and ecosystem level tests attempt to simulate 
critical processes occurring in intact ecosystems or parts ofecosystems. 
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Another classification bases on the length of exposure period (Landis and Yu, 1995). 
Ecotoxicity tests are categorized as acute, subchronic and chronic. The length of the 
exposure period is defined relative to the length of life cycle of test species. For most 
vertebrates and invertebrates, acute tests are generally performed for periods up to a 
maximum of 96 hours. Subchronic exposures typically extend for less than an entire 
reproductive period, whereas chronic exposures may extend for one or more life cycles. 
The measured endpoints are also one of the test classification criteria. In 
ecotoxicological studies, both lethal and sublethal endpoints have been examined 
(Ramade, 1987). Most often, tests are designed to measure the exposure concentration at 
which 50% ofthe test population is killed (LC50) or exhibits a defined sublethal effect 
(EC50). A wide range of parameters are used to assess sublethal endpoints including 
growth, reproduction, behaviour, physiological, morphological, biochemical and 




1. To simulate effects of oily wastes from local shipping operations on marine 
environment. 
2. To assess amount often major heavy metals and sixteen certified polycyclic 
aromatic hydrocarbons input from oily wastes into marine environment. 
3. To evaluate acute toxicity of water-soluble fraction (WSF) on three local marine 
species, namely Chlorella pyrenoidosa CU-2 (microalga), Elasmopus rapax 
(amphipod) and Ambassis gymnocephalus (fish). The toxic effect will also be 
studied by using a marine bacterium, Vihriofischeri. 
4. To focus on the toxicity effect of polycyclic aromatic hydrocarbons (PAHs) on 
three local marine organisms, namely Chlorella pyrenoidosa CU-2 (microalga), 
Parhyale plumulosa (amphipod) and Sparus sarba (fish). The toxic effect will 
also be studied by using a marine bacterium, Vihriofischeri. 
5. To determine correlation between chemical composition and toxicity ofWSF and 
PAH fraction of oily wastes. 
6. To assess the necessity of using species from different trophic levels in 
ecotoxicological studies of oily wastes. 
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Materials and Methods 
1. Collection of oily wastes samples 
Shipping oily wastes used in this project were kindly provided by the Tsing Yi 
Chemical Treatment Plant - EnviroPace Ltd. These wastes were collected from a 
composite in which wastes originating from various sources were mixed prior to further 
treatment. At the time of collection, samples were poured into a clean 20 L plastic 
container. The samples were then aliquoted into 1 L Duran bottles. The bottles were 
wrapped with aluminium foil in order to prevent photo-degradation of samples. All 
samples were stored at 4X. Totally five samples were collected. Collection schedule is 
shown below: 
Sample Date of collection 
1 February 5, 1997 
2 March 12, 1997 
3 June 5, 1997 
4 July 15, 1997 
5 March2, 1998 
2. Preparation of samples 
In the present study, oily waste samples were treated in two different ways in order to 
produce two fractions, namely water-soluble fraction (WSF) and polycyclic aromatic 
hydrocarbon (PAH) fraction. These two fractions were generated for studying different 
toxicological aspects ofoily wastes. In the first part of this research, WSF was prepared 
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in a way that simulates constituent of crude oils entering aquatic environment. It has 
been documented that polar compounds accounted for the vast majority (Siron et al., 
1 9 9 1 ) . On the other hand, as non-polar compounds such as most PAHs are virtually 
insoluble in water, they had to be extracted by a different method which was illustrated in 
the second part of the research. 
2.1 Water-soluble fraction 
The preparation ofwater-soluble fraction (WSF) in the present study was a modified 
process of Boylan and Tripp (1971). In brief, oily waste sample was mixed with 
artificial seawater (1:60, v:v) in an amber glass bottle separately. Artificial seawater was 
prepared by dissolving 35 g artificial sea salt (Instant Ocean®, Aquarium Systems Inc., 
France) into 1 L distilled water. pH ofthe seawater was then adjusted to 7.4 which was 
same as that measured in Tolo harbor. 
The mixture ofoil and seawater was then stirred with a magnetic stirrer (4 cm x 1 
cm, Tfeflon，coated) for 24 h. The mixture was agitated at an extent that produced an oil 
vortex which was about 25% ofthe solution depth. After 24 h, the mixture was allowed 
to stand for 1 h before the aqueous phase was siphoned into a clean amber bottle. The 
screw cap ofthe bottle was sealed with parafilm and the WSF produced was stored at 4�C 
to avoid losing volatile components. Concentration of this aqueous phase was designated 
as 100%. Lower percentages were obtained by diluting this stock solution with 
appropriate volume of artificial seawater. 
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2.2 Polycyclic aromatic hydrocarbon fraction 
Polycyclic aromatic hydrocarbons (PAHs) in oily wastes were firstly extracted by 
supercritical fluid extraction (SFE) together with other non-polar compounds. The 
extract was then cleaned up by silica gel chromatography to remove aliphatic and other 
hydrocarbons. This fraction was finally concentrated and referred as PAH fraction of 
oily wastes. 
2.2.1 Supercritical fluid extraction 
In the present study, non-polar components in oily waste samples including PAHs 
were extracted by supercritical fluid extraction (SFE). The extraction was performed by 
an ISCO SFX 3560 automatic extraction system with two ISCO 100DX syringe pumps 
for introduction ofsupercritical carbon dioxide and modifier. The system was coupled to 
a 24-vials autosampler (Figure 1). 
Prior to the extraction, 1 g of oil was weighed in an aluminium foil pan. And the 
oil was spiked with a mixture of 16 certified PAHs if necessary (see Section 3.2,2 in 
TIvl 
Materials and Methods). The oil was then adsorbed onto 1.5 g Wetsupport (ISCO, 
USA) and loaded into a crystalline polymer cartridge (ISCO, USA). Hexane was used as 
collection solvent for the SFE extract. During the process, SFE extract was collected 
continuously into a solvent collection vial (20 x 125 mm, ISCO, USA) in which 8 mL of 
hexane (Chrom AR®, HPLC grade, Mallinckrodt) was replenished at the rate of 0.5 mL/ 
2 min. 
Supercritical carbon dioxide was used as extraction solvent whereas its solvent 
strength was enhanced with 5% dichloromethane (Chrom AR®, HPLC grade, 
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Figure 1. An ISCO SFX 3560 supercritical fluid extraction system with ISCO 100 DX 
syringe pumps. 
21 
Materials and Methods 
Mallinckrodt). The syringe pumps were operated at 5,898 psi and both the extractor and 
restrictor temperature was set at 100°C. Flow rate of supercritical fluid carbon dioxide 
was maintained at 1.0 mL/min throughout the process. The SFE was accomplished by 
two phases of extraction i.e. static and dynamic extraction which lasted for 2 and 30 min 
respectively. 
2.2.2 Silica gel chromatography 
Silica gel 60 (230-400 mesh, ASTM, Merck, Germany) was employed to cleanup 
the SFE extract. First ofall, silica gel was activated at 180�C for 15 h. After cooling at 
room temperature, 7 g of fully activated silica gel was loaded into a borosilicate glass 
column (18 cm x 1.5 cm i.d.) to a height of 10 cm. The silica gel column was then wetted 
with hexane carefully to prevent any bubbles or cracks. SFE extract of volume about 2 
mL was loaded onto the silica gel (Figure 2a) and eluted with 25 mL hexane to remove 
aliphatic compounds (Figure 2b). The column was then eluted with 55 mL 
dichloromethane and hexane mixture (1:5, v:v) to collect PAH fraction (Figure 2c). This 
fraction was collected in a 600 mL borosilicate glass sample tube (Labconco, USA). 
2.2.3 Sample concentration 
The PAH fraction (55 mL) was concentrated to about 2 mL by a Rapidvap N2 
evaporator (Figure 3) (Labconco, USA) at 45% vortex rate and 40°C. It was fiirther 
concentrated to 1 mL at room temperature by a N-EVAP^^ nitrogen analytical evaporator 
(Figure 4) (Associates Inc., USA). The concentrate was purged with nitrogen which 
flowed at 8 psi. 
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Figure 2. Isolation ofPAH fraction from SFE extract by silica gel chromatography, (a) 
SFE extract was loaded onto silica gel column, (b) aliphatic hydrocarbons were eluted 
with 25 mL hexane and (c) PAH fraction was collected with 55 mL dichloromethane and 
hexane mixture (1:5, v:v). 
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Figure 3. A Labconco Rapidvap N2 evaporator. 
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Figure 4. An Associates N-EVAP^^ nitrogen analytic evaporator. 
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3. Chemical analyses of oily wastes 
3.1 Determination of heavy metal concentration in oily waste samples 
3.1.1 Nitric acid-perchloric acid digestion 
Twenty mL WSF, 0.5 g PAH fraction and 0.5 g oil sample respectively were 
mixed with 10 mL concentrated nitric acid (70%, w:w, UNIVAR, AJAX Chemicals, 
Australia) in acid-washed digestion tubes separately (25 x 200 mm, Duran®, Germany). 
The mixtures were then held on a dry-bath (Fisher Scientific, USA) at 130°C for 12 h. 
After complete cooling to room temperature, 5 mL perchloric acid (70%, Merck, 
Germany) was added and mixed thoroughly. The mixtures were then heated further for 
48 h until clear solution was formed. The digests were diluted with 20 mL deionised 
water and were boiled for 2 h to expel any chlorine or oxides of nitrogen. Finally, the 
digests were transferred into 50 mL volumetric flasks quantitatively and were diluted to 
the mark with deionised water. After thorough mixing, the digests were filtered through 
Whatman® No.42 filter paper (England) before performing inductively coupled plasma-
emission spectrometric (ICP-ES) analysis. Each sample was analyzed in triplicate. 
3.1.2 Inductively coupled plasma-emission spectrometric analysis 
Concentration of ten heavy metals in WSF and PAH fraction of oil waste samples 
were quantified by inductively coupled plasma-emission spectrometric (ICP-ES) 
analysis. The ICP-ES was performed by a Thermo Jarrell Ash AtomScan 16 inductively 
coupled plasma-emission spectrometer (USA) (Figure 5). The valves of argon (for 
plasma generation, nebulization and cooling) and nitrogen (for purging the optical 
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Figure 5. A Thermo Jarrell Ash Atomscan 16 inductively coupled plasma 
emmission spectrometer. 
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system) gas cylinders were both set at 70 psi. High flow and medium flow were chosen 
for torch and auxiliary gas respectively. The flush pump rate was set at 200 rpm to 
shorten the flush time required, whereas the pump rate for analysis was set at 100 rpm. 
The radio frequency (RF) power was 1,550 walt which was specific for organic analyte. 
ICP multi-element standard solution I (19 elements, Merck, Germany) was used to set up 
the calibration curves for quantification of 10 major heavy metals. Name and wavelength 
of each element are listed below: 
Element Wavelength (nm) 
Aluminium (A1) 167.081 
Barium (Ba) 455.403 
Cadmium (Cd) 228.802 
Chromium (Cr) 267.716 
Copper (Cu) 324.754 
Iron (Fe) 259.940 
Manganese (Mn) 257.610 
Nickle OSri) 231.604 
Lead (Pb) 220.353 
Zinc (Zn) 213.856 
3.2 Determination of polycyclic aromatic hydrocarbon concentration in oily waste 
samples 
3.2.1 Determination of polycyclic aromatic hydrocarbon concentration in water-
soluble fraction 
a. Liquid-liquid extraction 
Five hundred mL of WSF was divided into half and each of the 250 mL portion 
was transferred to a 1 L separation funnel. PAHs in WSF were extracted with 30 mL 
dichloromethane for three times. In order to determine recovery of individual PAH in the 
extraction method, known amount of PAHs standard mixture was spiked into 250 mL 
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WSF before extraction, while leaving the other 250 mL unspiked. In the present study, 
250 mL ofWSF was spiked with 25 (iL ofa mixture containing 16 certified PAHs (2,000 
^ig/mL each in methylene chloride, SV Calibration Mix#5, Restek Corporation, USA) 
which had been diluted to 2 ng/[iL with hexane prior to addition. 
All organic phases were combined and evaporated to driness under nitrogen (see 
Section 2.2.3 in Materials and Methods). The residue was redissolved in lmL hexane. 
No cleanup was performed. 
b. Gas chromatography-mass spectrometric analysis of water-soluble fraction 
It has been documented that gas chromatography-mass spectrometry (GC-MS) 
couples the excellent quantitative and qualitative technique of GC and MS respectively 
(Barcel6, 1992). In the present study, GC-MS analysis was performed with a HP 6890 
chromatograph (GC) equipped with a HP 5973 mass selective detector (MSD) (Hewlett-
Packard, Palo Alto, USA) (Figure 6). The chromatograph was fitted with a 30m x 
0.25mm i.d. HP-5MS capillary column coated with a 0.25 i^m film (Hewlett-Packard, 
Palo Alto, USA). Pulsed splitless injection was performed at an injection temperature of 
280�C, the pulsed splitless period was 0.5 min and the pulse pressure was 15 psi, split 
time was 1 min and pressure was 8.2 psi after purging and helium was used as carrier gas. 
Injection was done by a Hewlett-Packard 7673A autoinjector and 1 t^L concentrated 
extract was injected. The oven was maintained at 60�C for 1.5 min, programmed at 
8^C/min to 300�C, which was then held for 12.5 min. Mass spectrometry was performed 
by electronic ionization (EI) at 70eV, and sensitivity of detector was enhanced by 
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operating in the selected ion monitoring (SEM) mode (Kucklick and Bidleman, 1994; 
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Figure 6. A HP 6890 gas chromatograph coupled with a HP 5973 mass selective detector 
and a HP 7673A autoinjector. 
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Prior to analysis，5 i^L m-terphenyl (99%, Aldrich Chem. Co.) in hexane (stock 
concentration: 0.1 ^lg/^lL) was added as an internal standard. Quantitation of the 16 
certified PAHs in WSF was conducted by comparing their responses to their respective 
calibration curve set up with the PAHs mixture in S m mode. Whereas identity of each 
PAH was confirmed in scan mode. Three replicates of unspiked extracts were pooled 
(total volume was 3 mL), and was then concentrated to 1 mL. These extracts were later 
analyzed by gas chromatography-mass spectrometry in scan mode (see Section 3.2.2b in 
Materials andMethods). The resulting mass spectrum of each compound was matched to 
the Wiley MS Library (Hewlett-Packard, USA) for verifying the identity. 
3.2.2 Determination of polycyclic aromatic hydrocarbon concentration in crude 
oily waste samples 
a. Supercritical fluid extraction and silica gel column chromatography 
For quantifying PAHs in crude oily wastes, one group of samples was spiked with 
50 ^L of a mixture containing 16 certified PAHs (i.e. 100 昭 of each PAH was added) 
prior to the extraction processes. Both spiked and unspiked oil samples were extracted 
and cleaned up by SFE and silica gel column chromatography respectively (see Sections 
2,2.1 and 2.2.2 in Materials and Methods). After that, this PAH fraction was 
concentrated to 1 mL under nitrogen (see Section 2.2.3 in Materials and Methods). And 
40 i^L ofm-terphenyl in hexane (stock concentration of 1 l^gy'^ iL) was then added as an 
internal standard. 
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b. Gas chromatography-mass spectrometric analysis of polycyclic aromatic 
hydrocarbon fraction 
Gas chromatography-mass spectrometry (GC-MS) analysis was performed by 
split injection with a split ratio ofl:12; injection temperature was 280�C and the pressure 
was 13.4 psi. The oven was held at 60°C for 1.5 min, then programmed at 8^C/min to 
300�C, which was followed by an isothermal period of 12.5 min. Mass spectrometry was 
performed by electronic ionization (EI) at 70 eV, and detection of compounds was 
performed in scan mode. The spectrometer scanned from 35 to 500 atomic mass unit 
(a.m.u.) at 2.2 scans/ sec. 
Identification ofPAHs was conducted by matching mass spectra to the Wiley MS 
Library. Quantification of PAHs was carried out by comparing their responses to the 
respective calibration curve, which had been constructed by analyzing standard mixture 
under the above conditions, m-terphenyl was used as internal standard for correcting 
responses of the GC-MS. 
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4 Ecotoxicological studies of oily wastes 
4.1 Toxicity tests and sample preparation 
In the present study, a battery of four toxicity tests was employed to evaluate acute 
toxicity of WSF and PAH fraction of the five oily waste samples. Marine organisms 
from four trophic levels included Chlorella pyrenoidosa CU-2 (for algal growth 
inhibition test), Amhassis gymnocephalus and Sparus sarba (for fish survival test), 
Elasmopus rapax and Parhyale plumulosa (for amphipod survival test), and Vibrio 
fischeri (for Microtox® test) were used in the experiments. 
WSF ofsamples was freshly prepared prior to the toxicity tests. WSF was diluted by 
mixing appropriate volume of artificial seawater with the stock solution. For the PAH 
fraction, solvent exchange from hexane to dimethylsulfoxide (DMSO) was performed to 
reduce toxicity of hexane. Hexane was removed completely by purging the PAH fraction 
under nitrogen. The residue was then redissolved in 10 mL DMSO (AR grade, Riedel-
deHaen, Germany). The concentration of this stock solution was 100 mg oil/mL and 
lower concentrations were obtained by dilution with DMSO. 
4.2 Ecotoxicological studies of water soluble fraction 
4.2.1 Growth inhibition test on a marine alga, Chlorella pyrenoidosa CU-2 
A local unicellular marine microalga, Chlorella pyrenoidosa CU-2 (Figure 7), 
was used in the study. This species was originally isolated form the estuarine water of 
Tolo Harbour (Chan and Chiu, 1985). Stock culture of the alga was maintained in the 
Marine Science Laboratory, the Chinese University of Hong Kong. Prior to the test, 2 
mL of algal stock culture was inoculated into 1 L of artificial seawater which had been 
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enriched with culture medium (Table 1). The culture was then grown for 5 d to produce 
actively growing cells that reached a density of 5xlO' cells/mL (Kauss and Hutchinson, 
1975). 
WSF ofthe five samples was filter-sterilized with 0.22 jim MAGNA nylon filter 
membrane (Micron Separations Inc., USA). Appropriate volume of algal culture 
solutions as listed in Table 1 (1 mL Solution #1 per L and 0.1 mL Solution #3 per L) 
were mixed with WSF thoroughly. For all tests, 49 mL of enriched WSF at serial 
concentrations and 1 mL inoculum ofC. pyrenoidosa CU-2 were added into in a 125 mL 
Erlenmeyer flask. All glassware had been acid washed and autoclaved. All experimental 
cultures, including the blank control, were in triplicate. Experimental and stock cultures 
were incubated at 22±2°C in an incubation room. Light-dark cycle of 14 10 h was 
employed. During photoperiod, the cultures were illuminated with cool white fluorescent 
tubes at a light intensity of 6,000 lux. Each flask was agitated daily to resuspend the 
cells. 
Absorbances at the wavelength of 690nm (A690nm) of each experimental culture 
were recorded with a Dynatech MR5000 microplate spectrometer (USA) at the onset of 
the test and every other day afterwards for 14 d. Before the measurement, each flask was 
agitated thoroughly, and 250 ^L of each culture was transferred into a well of an acid 
washed 96-well microplate (Coming, USA). In the present study, specific growth rate ( i^) 
instead ofbiomass ofC. pyrenoidosa CU-2 was chosen to assess its response towards the 
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Figure 7. A local marine microalga, Chlorella pyrenoidosa CU-2. 
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Table 1. Culture medium for Chlorella pyrenoidosa CU-2 (Wang, 1996) 
Solution #1 
Chemicals Weight  
Na2EDTA 4.5000 g 
H3BO3 3.3600g 
NaNO3 10.0000 g 
NaH2PO4 " 3 8 1 g 
MnCl2.4H2O 0.0360 g 
FeCl3 0.0780 g 
Solution#2 O.lOOmL ^ _ 
The above chemicals were dissolved in 100 mL distilled water, then were autoclaved for 
30 min at 125�C. 
Solution #2 




CuSO4.5H2O ^  
The above chemicals were dissolved in 100 mL distilled water and adjusted with 4-5 mL 
concentrated HCL for complete dissolution, then were autoclaved for 30 min at 125°C. 
Solution #3 
Chemicals Weight  
Thiamin hydrochloride 0.200 g 
Cyanocobalamin 0.010 g  
The above chemicals were dissolved in 100 mL distilled water, then were filter-sterilized 
with 0.22 i^m membrane filter. 
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toxicant O^yholm, 1985; 1990). Specific growth rate for each individual flask was 
calculated by (American Public Health Association, 1992): 
^i(d-i) = ln(X2 Xi)/(t2 ti) 
where: 
X2 = A690nm at thc cnd of selected time interval, 
Xi = A690nm at thc beginning of selected time interval, and 
t2 ti = elapsed time between selected intervals, day. 
Maximum specific growth rate (^ max) was used to quantify response of each 
setup. Inhibitions were calculated from relative ^lmax(Arensberg et al., 1995): 
i = ( 1 - l^max/^ lmax, control) X 1 0 0 % 
where: 
i 二 inhibition， 
i^max = maximum specific growth rate of each culture 
^Wx, control = maximum specific growth rate of control culture 
EC figures obtained using this endpoint are referred as Ecr's in the ISO standard 
(Arensberg et al., 1995). ECr50 was determined by weighed non-linear regression 
directly on the data on the plot inhibition (%) against concentration of WSF (%). 
Although the experiment lasted for 14 d, exponential growth at maximum specific growth 
rate was found in the first four days. 
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4.2.2 Survival test on a marine amphipod, Elasmopus rapax 
A local marine amphipod, Elasmopus rapax (Figure 8), was used in the present 
study. This species was isolated from Tolo Harbour ofHong Kong. A stock culture of 
the amphipod was raised in the Marine Science Laboratory, the Chinese University of 
Hong Kong. E. rapax was cultured in a 3,000-L cement pond where natural seawater 
from Tolo Habour was pumped in slowly, and the water was aerated with air pumps. The 
amphipods were fed on seaweed and other phytoplankton coming with natural seawater. 
In the survival experiment on E. rapax, all tests were carried out in 250 mL 
beakers. WSF was diluted with artificial seawater to make up a final volume of200 mL. 
Ten animals o f 4 to 5 mm in body length were put into each beaker. All setup including 
blank control were triplicate and no food was provided throughout the experiment. After 
24 h and 48 h exposure, mortality was checked by stimulating the animals gently with a 
pastuer pipette. Amphipods were considered dead if they did not show any movement 
for 10 sec and all dead animals were then removed. 
The median lethal concentration (LC50) was determined by the mortality 
percentage using probit analysis. LC50s and 95% confidence intervals were calculated 
by a computer program Toxicologist (version 1.0, The Euro-Mediterranean Center in 
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Materials and Methods 
4.2.3 Survival test on a marine fish，Ambassis gymnocephalus 
An indigenous marine fish, Ambassis gymnocephalus (Figure 9), which was caught 
from Tolo Habour, was used in this survival test. This species is abundant and common 
in Hong Kong waters from April to October. A net supported by a 5 x 5 ft iron frame 
was hanged at a pier in Tolo Habour for collecting fish. The net was lowered daily for 
harvesting. A. gymnocephalus collected was cultured in a 2.5 x 4 x 3 ft glass aquarium 
where filtering and aeration were controlled by filter and air pump respectively. The fish 
were fed on brine shrimp larvae twice a day and were treated with tetracycline (15mgy^L) 
for 2 d once they were collected. The fish were acclimated for at least 3 d at 20°C prior 
to the test. 
In all tests, fish of 1.5 cm in body length were used and they were not fed for 24 h 
prior to the experiment. WSF was diluted with artificial seawater which had been 
saturated with air. Two L diluted WSF at serial concentrations was added into a 2-L 
beaker, and 5 animals were placed into the test solution. All experimental setups, 
including the blank control were triplicate. In this static test, no test solution renewal nor 
feeding was carried out throughout the experiment. Mortality of A. gymnocephalus was 
monitored after 24, 48, 72 and 96 h. Any dead animals were removed once they were 
discovered. The median lethal concentration (LC50) was determined by the mortality 
percentage using probit analysis. LC50s and 95% confidence intervals were 
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Figure 9. A local marine fish, Ambassis gymnocephalus. 
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calculated by Toxicologist (version 1.0, The Euro-Mediterranean Centre in Marine 
Contamination Hazards, 1990). 
4.2.4 Microtox® test 
Microtox® is the first commercial toxicity test using a marine luminescent bacterium, 
Vibrio fischeri (Bulich, 1979). The test measures toxicity by monitoring bacterial 
luminescent activity i.e. reduction of light output of the bacteria upon exposure to toxic 
substances. The bioassay is based on detecting light production per unit time by the 
luminescent bacteria, which is a reflection of the rate at which a complex cascade of 
energy-producing reactions is operating (Tothill and Turner, 1996). The test has been 
applied to assess toxicity ofawide range of aquatic and terrestrial pollutants (Munkittrick 
and Power, 1991; Nohava et al, 1995). 
® 
In the present study, the test was carried out with a Microbics Microtox 500 
analyzer (USA) (Figure 10) following the test procedures outlined in the Microtox® 
Manual (Microbics Corporation, 1992). All reagents and solutions were purchased from 
Azur Environmental (formerly called Microbics Corporation, USA). In the experiment, 
reconstituted V.fischeri were exposed to four concentrations ofWSF. Each dilution was 
duplicate and no osmotic adjustment was performed. Toxicity ofWSF was expressed as 
EC50, which was the effective concentration causing 50% reduction in light output. The 
change in bioluminescence was monitored after 5 and 15 min at a constant temperature of 
15�C. EC50s and 95% confidence intervals were calculated by the software MTX7 
(Microbics Corporation, USA). 
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Figure 10. A Microbics Microtox® toxicities 500 analyzer. 
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4.3. Ecotoxicological studies ofpolycyclic aromatic hydrocarbon fraction 
4.3.1 Growth inhibition test on a marine alga, Chlorella pyrenoidosa CU-2 
The marine microalga Chlorella pyrenoidosa CU-2 (Figure 7) was used in the 
present study. Enriched artificial seawater (Table 1) was used to precultivate the alga to 
reach a density of5xlO^ cells/mL (Kauss and Hutchinson, 1975). The PAH fraction was 
diluted with DMSO. For all tests, 1 mL diluted PAH and lmL inoculum of actively 
growing C. pyrenoidosa CU-2 were added into 48 mL autoclaved enriched seawater 
(Table 1) in a 125 mL Erlenmeyer flask. In the control setups, 1 mL DMSO or 1 mL 
artificial seawater was added into the algal culture. All experimental cultures were 
triplicate. Incubation conditions and process of recording absorbances (A690nm) were 
same as those performed in the test on WSF (see Section 4.2.1 in Materials and 
Methods). Again, maximum specific growth rate (^ imax) was used to assess response of 
alga upon exposure to PAH fraction. ECr50 was also determined in the same way as that 
performed for WSF. Since water and PAH fraction mixture exhibited absorbance at 690 
nm, therefore, for each concentration of toxicant solution, a control was set up and 
monitored in parallel with the experimental cultures in order to measure background 
absorbance throughout the experiment. 
4.3.2 Survival test on a amphipod, Parhyale plumulosa 
In this test, the marine amphipod, Parhyale plumulosa (Figure 11) was used. It is 
a common indigenous species in Hong Kong. This species was also isolated from Tolo 
Habour and the stock culture was kept under the same conditions as those for Elasmopus 
rapax (see Section 4.2.2 in Materials and Methods). E. rapax was not employed in this 
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test due to its low abundance during the experimental period. There was a sharp contrast 
between the availability ofthe two species during the two experimental periods. E. rapax 
was found to be dominant over P. plumulosa in winter when the test on WSF was 
conducted. However, the situation was reversed in summer. E. rapax was rare during 
that period oftime. It might due to seasonal variations in temperature and salinity. The 
better adapted species could have a denser population. E. rapax might also be over-
harvested during the former study. Therefore P. plumulosa, could take up the niche oiE. 
rapax and became the dominant species in their ecosystem later. 
For all tests, ten animals of 4 to 5 mm in body length were placed in a 250 mL 
beaker containing 200 mL artificial seawater with salinity of 30 ppt and pH 7.4. PAH 
fraction was diluted with DMSO and this toxicant solution was adjusted to a fmal 
concentration of 0.1% (v:v) in artificial seawater. All setup including experimental 
cultures, blank control and 0.1% DMSO control were triplicate. No feeding was done 
during the study and mortality was monitored after 24 and 48 h exposure according to the 
same criteria for E. rapax. For the determination of LC50 of PAH fraction upon P. 
plumulosa, refer to the Section 4.2.2 inMaterials andMethods. 
4.3.3 Survival test on the fish, Sparus sarha 
A local fish species Sparus sarha was used in the test, which is commonly known 
as silver seabream (Figure 12). This species was purchased from a local mariculture 
farm. The stock was kept under the same conditions as those for Ambassis 
gymnocephalus (see Section 4.2.3 in Materials and Methods). In the present study, 
animals of 5 cm in body length were used. They were not fed for 24 h prior to the test. 
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Figure 12. A local marine fish, Sparus sarba. 
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For all tests, five fish were placed into a beaker containing 5 L artificial seawater 
which had been aerated with air overnight. PAH fraction was serially diluted with 
DMSO and the final concentration of toxicant solution was adjusted to 0.1% (v:v). All 
setup including blank control and 0.1% DMSO control were performed in duplicate. No 
food was provided and the medium was not renewed throughout the experiment. 
Mortality was checked every 24 h. Dead animals were removed once discovered. 
Mortality percentage was used as test endpoint in probit analysis for determining median 
lethal concentration (LC50). 
4.3.4 Microtox® test 
Procedures of the test were same as those in Section 4.2.4 in Materials and 
Methods except that Vibrio fischeri was exposed to four concentrations ofPAH fraction 
in DMSO. The toxicant solution was osmotically adjusted to a salinity of 2% and its 
final concentration in test medium was altered to 2% in each cuvette. 
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5. statistical analyses of chemical and ecotoxicological analyses 
Statistical analyses were carried out for studying correlations between chemical 
composition and acute toxicity data, and correlation among the four bioassays. Both 
linear correlation (product-moment) coefficient (r) and Spearman ,s rank order correlation 
coefficient � were determined using SPSS for Windows, version 7.0 (SPSS Inc., 1996). 
Spearman's rank order correlation coefficients measure non-linear relationships better 
than linear correlation coefficients (Ott, 1993). In toxicity tests where threshold 
concentrations are sometimes required for lethal effect, using SpearnWs rank order 
correlation is a better way to assess relationship between toxicity and potential toxicant 
concentration (Jacobs et al., 1993). As these two methods show a different picture, both 
ofthem were determined for comparison purposes. Correlation is considered statistically 




1. Chemical analyses of oily wastes 
1.1 Inductively coupled plasma-emission spectrometric analysis 
1.1.1 Heavy metal concentration in crude oily wastes 
From the ICP-ES analysis of crude oily wastes (Table 2), it was shown that both 
A1 and Fe were present at high level. A1 was the most abundant heavy metal in crude 
oily waste samples ranging from 0.786 mgy'g to 1.783 mg/g. The range of Fe was 
narrower which lied between 0.250 mg/L to 0.252 mg/L. Besides, concentration of Cu, 
Ni and Zn was also high. Concentration of these metals was lower than that of Fe by an 
order of magnitude. Whereas other metals only present at low concentration. 
1.1.2 Heavy metal concentration in water-soluble fraction 
Generally, concentration of the ten heavy metals was low in WSF of the five 
samples (Table 3). A1, Fe, Mn and Zn were found in WSF of all samples. Concentration 
of A1 was the highest among the ten metals but the range was very wide. It ranged from 
0.870 mgyl. in Sample 2 to 634.8 mg/L in Sample 1. The difference between the two 
extremes was 3 orders of magnitude. Concentration of Fe was relatively high when 
compared to Mn and Zn and ranged from 0.272 mgfL in Sample 1 to 6.935 mgfL in 
Sample 4. Cd, Cr, Ni and Pb were present in trace amount in Samples 1,3 and 5 only. 
Whereas Ba was detected in Samples 2, 3 and 5 and its concentration in Sample 3 and 5 




Table 2. Concentration ofheavy metals (mg/g)^ in five oily waste samples. 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 
A1 1.591±0.222 1.670±0.180 0.786+0.2903 1.313±0.220 1.783±0.147 
Ba 0.010±0.0000 0.010土0.000 0.010+0.000 0.010+0.000 0.010+0.000 
Cd ND^ 0.001+0.001 0.001+0.000 0.001±0.000 0.001±0.000 
Cr 0.002±0.002 0.003+0.000 0.003±0.000 0.002±0.000 0.002±0.000 
Cu 0.018±0.001 0.020+0.002 0.022±0.001 0.021+0.002 0.092+0.000 
Fe 0.252±0.005 0.252+0.001 0.250+0.004 0.251±0.000 0.252±0.004 
Mn 0.004+0.000 0.003±0.000 0.003+0.000 0.003±0.000 0.006±0.001 
Ni 0.026+0.005 0.034+0.003 0.029±0.002 0.019±0.005 0.033+0.002 
Pb 0.010+0.004 0.010+0.006 0.001+0.002 0.005±0.007 0.012±0.004 
Zn 0.095±0.002 0.086+0.003 0.076±0.001 0.083±0.005 0.116±0.004 
^Mean 土 standard deviation of three replicates 




Table 3. Concentration ofheavy metals (mg/L)^ in WSF of oily waste samples. 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 
A1 ^^634.8+2.7 0.870+1.101 612.3+4.3 4.928+1.003 608.5±2.8~~ 
Ba NQb 0.014±0.000 0.250+0.000 ND 0.250+0.000 
Cd 0.034+0.000 ND 0.028±0.000 ND 0.027±0.001 
Cr 0.101+0.003 ND 0.066±0.002 ND 0.057+0.001 
Cu 0.009+0.001 ND ND ND 0.010±0.001 
Fe 0.272±0.002 1.863±0.001 0.428+0.003 6.935+0.001 0.514+0.002 
Mn 0.035+0.000 0.007+0.000 0.040i0.000 0.055±0.000 0.038±0.000 
Ni 0.108+0.004 ND 0.089+0.004 ND 0.090±0.003 
Pb 0.371+0.014 ND 0.324+0.004 ND 0.220±0.005 
Zn 0.212+0.001 0.327+0.001 0.456+0.002 0.283+0.001 0.466+0.001 
^Mean 士 standard deviation of three replicates 
SiD = Not detected 
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1.1.3 Heavy metal concentration in ploycyclic aromatic hydrocarbon fraction 
After extraction by SFE and cleanup by silica gel column chromatography, 
amount ofmost metals was much reduced (Table 4) in comparison with that of crude oily 
wastes (Table 2). The most abundant metals were A1, Fe and Zn, and they were present 
in PAH fraction of most samples. Concentration of A1 was high whereas that of Fe and 
Zn was still insignificant. Although Ba and Mn could be found in some samples, they 
were only present in trace amount. Whereas, Ba, Cd, Cr, Cu, Mn and Pb were 
undetectable in all samples. 
1.2 Gas chromatography- mass spectrometry analysis 
1.2.1 Polycyclic aromatic hydrocarbon concentration in crude oily wastes 
Original concentrations of the 16 certified PAHs in oily waste samples were 
shown in Table 6. Prior to the isolation of PAH, 100 i^g of each 16 certified PAH 
standard solution was spiked into oil samples {Section 3.2.2 in Materials andMethods). 
Recovery of PAH standard was determined by comparing amount of respective 
compound remained in spiked and unspiked samples after the two extraction processes 
(Table 5). The calculated recovery percentage was then used to determine original 
concentration of each PAH in crude oily wastes (Table 6). 
As shown in Table 6, all of the 16 PAHs were very concentrated. In general, 




Table 4. Concentration ofheavy metals (mg/g)^ in PAH fraction of oily waste samples. 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 
A1 0.898+0.401 ND^ 0.867±0.305 0.597+0.039 0.812±0.072 
Ba ND ND ND ND ND 
Cd ND ND ND ND ND 
Cr ND ND ND ND ND 
Cu ND ND ND ND ND 
Fe 0.020+0.001 0.011±0.001 0.017±0.000 0.013+0.000 0.027±0.000 
Mn ND ND ND ND ND 
Ni 0.005+0.000 0.008+0.000 0.001+0.000 0.005±0.000 0.005i0.000 
Pb ND M) ND ND ND 
Zn 0.020+0.000 0.011±0.000 0.017+0.000 0.022±0.000 0.016+0.000 
^Mean 士 standard deviation of three replicates 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































abundant PAHs were phenanthrene and anthracene, whereas acenaphthene was also 
present at high concentration in most of the samples. All of these three PAHs are three-
ring aromatics. 
1.2.2 Polycyclic aromatic hydrocarbons concentration in water-soluble fraction 
Form the GC-MS analysis of WSF of oily wastes (Table 7), it was shown that 
levels of the 16 certified PAHs were high in comparison with that in open ocean (Witt, 
1995). It was common to observe that PAHs having two or three rings were more 
abundant in WSF, whereas those having four rings or more were relatively less or even 
undetectable in some samples. 
The concentration of the two-ring naphthalene was highest in Samples 4 and 5 
which was 3,238.7 and 4,274 ngfL respectively. They exceeded the level of others by an 
order of magnitude. In Samples 2 and 3，the most abundant PAHs were acenaphthene, 
fluorene and phenanthrene. These three PAHs have a three-ring structure and their 
concentration was higher than that of others by ten times. Again, low molecular weight 
aromatics were most commonly found in Sample 1. They were fluorene, phenanthrene 
and anthracene. In contrast to low molecular weight aromatics, PAHs of five or six rings 
were less abundant in WSF. In Samples 3, 4 and 5, PAHs of four rings or more were 
absent or undetectable except fluoranthene and pyrene. Both of them were found in 
Sample 3. Whereas in Samples 1 and 2, only some of those PAHs having five or more 






















































































































































































































































































































































































































































































































































































































1.2.3 Polycyclic aromatic hydrocarbons concentration in polycyclic aromatic 
hydrocarbon fraction 
When concentration ofPAH compounds detected in PAH fraction (Table 8) were 
compared to that found in crude oily wastes (Table 6)，a significant loss of PAHs was 
observed. It was indicated by low recovery of these compounds after the extraction 
processes. The profile ofPAHs in PAH fraction was similar to that of crude oily wastes, 
regardless of the low recovery. Likewise, there was no obvious relationship between 
concentration and molecular weight of PAHs. Among the 16 PAHs, phenanthrene, 
anthracene and naphthalene were the most abundant. In contrast, only small amount of 
acenaphthylene was found. Some PAHs were also present at low level, for example, only 
1.5 |j,g/g pyrene was detected in Sample 2 which was less than anthracene by two orders 

















































































































































































































































































































































































































































































































2. Ecotoxicological studies of oily wastes 
2.1 Ecotoxicological studies of water-souble fraction 
2.1.1 Growth inhibition test on Chlorella pyrenoidosa CU-2 
There was no common growth trend when C. pyrenoidosa CU-2 was exposed to 
WSF ofthe five samples (Table 9). Likewise, not all WSF exerted inhibitory effect on 
maximum specific growth rate (^Wx) ofthe alga. When C. pyrenoidosa CU-2 was grown 
in serial concentrations ofWSF of Samples 1，2 and 3, both inhibition and stimulation of 
[imax were observed (Table 10). The effect, however, did not depend on toxicant 
concentration. In the tests on Samples 1 and 3, neither inhibitory nor stimulatory effect 
was strong. However, variation of i^max in the test on Sample 2 was extreme. The 
inhibition and stimulation could be as strong as 21.9% and 58.7% respectively. It was 
obvious that no relationship between WSF concentration and ^^ax in these samples. On 
the contrary, both Sample 4 and 5 exerted a clear inhibition effect on growth of C. 
pyrenoidosa CU-2. However, as inhibition produced by 100% WSF of Sample 4 did not 
exceed 50%, ECr50 ofthis sample could not be determined. Whereas ECr50 caused by 
Sample 5 was 61%. 
2.1.2 Survival test on Elasmopous rapax 
In the present study, all samples exerted lethal effect on E. rapax. After 24 h 
exposure, only mortality data from tests on Samples 2 and 4 enabled determination of 
LC50 (Table 11). It was because mortality percentage was low in other tests. From the 
48h LC50 values, Sample 2 was the most toxic. Whereas for Samples 1 and 3, very high 




Table 9. Effect ofWSF on maximum specific growth rate (^ imax, day"^ ) o f C pyrenoidosa 
CU-2. 
Sample 1 Sample 2 Sample 3 ~ ~ Sample 4 Sample 5 
[WSF](%) Mean ^Wx (day'^) 土 standard deviation  
~0 0.58±0.00 0.58+0.00 0.58±0.00 0.58+0.00 0.58+0.00 
6.25 0.56±0.07 0.62+0.01 0.61±0.00 0.55+0.03 0.47+0.05 
12.5 0.60+0.03 0.64土0.00 0.59±0.04 0.53±0.06 0.43±0.03 
25 o.49±0.15 0.59+0.01 0.60+0.20 0.58+0.02 0.36+0.03 
50 0.61土0.02 0.45+0.00 0.56+0.03 0.51士0.05 0.22±0.09 
100 0.60+0.05 0.56±0.01 0.61土0.00 0.51+0.03 0.17土0.03 
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Table 10. Inhibition ofWSF ofoily wastes on growth (^ imax ) of C. pyrenoidosa CU-2. 
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 
[WSF](%) Inhibition (%) 
~0 0 0 0 0 0 
6.25 4.0 -7.5 -6.4 4.7 18.6 
12.5 -3.6 -58.7 -3.0 7.3 25.8 
25 9.2 -2.6 -4.3 0 36.8 
50 -6.3 21.9 3.3 11.1 59.9 
100 -3.6 2.3 -5.2 ^ 71.0 
65 
Results 
Table 11. Toxicity of WSF of oily wastes to a marine amphipod, E. rapax. 
“ LC50^ (%) 
Sample ^ ^ 
1 “ ^ 83.26 
(80.55 -86.89) 
2 24.95 12.81 
(17.51 -35.53) (7.95 -17.79) 
3 ND 99.71 
(90.43 -105.65) 
4 54.37 69.42 
(50.19 -58.23) (65.21 -73.44) 
5 ND 58.94 
(45.23 -67.32) 
^Median lethal concentration (LC50) and 95% confidence interval (%) 
^<fD = Not detected 
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Results 
2.1.3 Survival test on Ambassis gymnocephalus 
LC50 ofthe five samples was shown in Table 12. From the data, it was observed 
that A. gymnocephalus was most susceptible to Sample 3 after 72 h and 96 h exposure. 
Whereas toxicity of Sample 1,2 and 5 was similar. As the LC50 of Sample 4 was 
determined by graphical method (Weber, 1993), no confidence interval could be 
determined. 
2.1.4 Microtox® test 、 
When the marine bacterium V. fischeri was exposed to serial concentrations of 
WSF, reduction of light production was observed (Table 13). In this test, lowest 
concentration of Sample 5 was required to cause a 50% reduction in bioluminescence of 
the bacterium. The EC50 after 5 and 15 min exposure were 17.74% and 18.67% 
respectively. Apart from Sample 1, the 5 min EC50 and 15 min EC50 of all samples 




Table 12. Toxicity ofWSF ofoily wastes to a marine fish, A, gymnocephalus. 
“ LC50a (%) “ 
Sample ^ ^ 
~\ “ 38.18 31.96 
(29.79 -50.00) (24.65 -42.04) 
2 37.45 27.18 
(26.40 -49.77) (23.44 -32.16) 
3 10.47 18.21 
(5.67 -16.78) (17.25 —19.58) 
4 61.Qb 51.3' 
5 33.73 30.44 
(30.45 -37.56) (22.34 —37.89) 
&Median lethal concentration (LC50) and 95% confidence interval (%) 
determined by graphical method; 95% confidence interval could not be determined 
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Table 13. Toxicity ofWSF ofoily wastes determined by Microtox® test 
“ EC50a (%) “ 
Sample 5min 15min 
~\ “ 72.07 41.85 
(50.06 -103.76) (30.98 -56.45) 
2 30.48 28.01 
(29.39 -31.61) (27.06 -29.00) 
3 36.96 37.5 
(35.71 - 37.94) (35.6 —38.66) 
4 47.50 42.62 
(45.32 -48.87) (40.56 -44.71) 
5 17.74 18.67 
(12.13 -21.34) (15.23 -23.39) 
^Median effective concentration (EC50) and 95% confidence interval (%) 
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2.2 EcotoxicologicaI studies of polycyclic aromatic hydrocarbon fraction 
2.2.1 Growth inhibition test on Chlorella pyrenoidosa CU-2 
When C. pyrenoidosa CU-2 was exposed to serial concentrations of PAH 
fraction, obvious and strong inhibition in algal growth was observed (Figure 13). Figure 
13 shows the typical response of the alga when exposed to PAH fraction of the five 
samples. Biomass of C. pyrenoidosa CU-2 decreased significantly with increasing 
concentration of PAH fraction. At the end of the experiment, final yield of alga cultures 
containing PAH fraction was much lower than that of control setup. In the presence of 
higher concentration of toxicant, the biomass even remained unchanged since the 
experiment commenced. The trend of algal growth was similar to a previous study 
exposing the same species to PAH fraction of used crankcase oil (Wang, 1996). In the 
present study, C. pyrenoidosa CU-2 was most susceptible to Sample 4 that caused a 50% 
reduction of i^max at 24.27mg/L (Table 14). Median inhibitory concentration of the 
extract of used crankcase oil to the alga was found ranging from 68 to 420 mg/T ,^ which 
was higher than the findings of the present study. 
2.2.2 Survival test on Parhyale plumulosa 
Besides WSF, PAH fraction of oily waste samples also caused lethal efFect on 
amphipod. In the experiment, the marine amphipod P. plumulosa was killed by the 
samples. From Table 15, it was shown that all samples reduced the organism number by 
50% after 24 h and 48 h exposure. The range ofECr50s was narrow. They lied between 
27.48 mgyTL to 36.66 mg/L after 24 h, and 27.63 mg/L to 38.95 mg/L after 48 h. Like C. 
pyrenoidosa CU-2, P. plumulosa was most vulnerable to Sample 4 as this sample caused 
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Table 14. Toxicity ofPAH fraction to a marine alga C. pyrenoidosa CU-2. 
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Figure 13. Growth of Chlorella pyrenoidosa CU-2 in the presence ofPAH fraction of 





Table 15. Toxicity ofPAH fraction to a marine amphipod, P. plumulosa. 
LC50^ (mg oWfL) 
Sample 2 ^ 4 ^ 
1 32.12 28.70 
(25.05 -41.65) (22.16 -37.45) 
2 35.65 30.78 
(27.73 -43.77) (24.07 -39.68) 
3 35.15 29.98 
(17.36 -43.67) (22.86 -36.64) 
4 27.48 27.63 
(19.83 -34.86) (22.43 -35.98) 
5 36.66 38.95 
(8.14 -231.68) (28.32 —47.17) 
^Median lethal concentration (LC50) and 95% confidence interval (%) 
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50% mortality at the lowest concentration at the end of two experimental periods. In 
addition, these two species showed a similar sensitivity as LC50s exerted by Sample 4 in 
this toxicity test were close to ECr50 determined in growth inhibition test on C. 
pyrenoidosa CU-2. 
2.2.3 Survival test on Sparus sarba 
Lethal effect was observed when the marine fish S. sarba was exposed to PAH 
fraction (Table 16). After 72 h and 96 h ofthe onset of the experiment, 50% mortality 
was found among test organisms. 72 h LC50s of the five samples lied between 38.30 
mg/L to 117.28 mg/L, whereas 96 h LC50s ranged from 25.11 mg/L to 72.82 mgyO.. S. 
sarba was most sensitive to Sample 4. The 72 h LC50 and 96 h LC50 of this sample 
were 38.30 mgyl. and 25.11 m ^ respectively. 
2.2.4 Microtox® test 
When the marine bacterium V.fischeri was exposed to PAH fraction ofoily waste 
samples, reduction ofbioluminescence was observed again (Table 17). Among the five 
samples, Sample 4 was the most toxic to the bacterium as the EC50 was the lowest after 5 
min and 15 min exposure. The 5 min EC50 and 15 min EC50 were 10.0 mg/L and 15.5 
mgyO. respectively. When the toxicity endpoints of the four bioassays were compared, 
the EC50s determined in the Microtox® test were the lowest. When 5 min EC50 and 15 
min EC50 were compared, all EC50s determined after 15 min exposure were higher than 




Table 16. Toxicity ofPAH fraction to a marine fish, Sparus sarba. 
“ LC50^ (mg/L) 
Sample ^ ^ 
1 “ 52^ ^ 
(21.74 -150.94) (18.38 -52.57) 
2 58.64 38.53 
(35.93 -105.44) (16.54 -87.31) 
3 53.54 36.71 
(18.05 -145.88) (11.69 -58.47) 
4 38.30 25.11 
(20.33 -61.58) (12.23 -42.12) 
5 117.28 72.82 
， (71.86 -210.88) (15.53 -127.04) 
^Median lethal concentration (LC50) and 95% confidence interval (%) 
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Table 17. Toxicity ofPAH fraction determined by Microtox® test. 
“ ‘ EC50^ (mg oil/L) 
Sample 5min 15min 
~i ‘ 1 ^ ^ 
(8.9 -39.0) (19.1 -44.5) 
2 24.0 34.4 
(10.0 -57.5) (15.3 -77.7) 
3 23.3 32.4 
(14.4-37.5) (20.7 _50.7) 
4 10.0 15.5 
(0.3 -32.1) (0.66 -36.1) 
5 31.1 48.9 
(23.7 -40.8) (30.2 "78.9) 
^Median effective concentration (EC50) and 95% confidence interval (%) 
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3. Statistical analyses of chemical and ecotoxicological analyses 
3.1 Statistical analyses of studies on water-soluble fraction 
3.1.1 Correlation between heavy metal concentration in water-soluble fraction and 
toxicity tests 
When concentration of heavy metals of WSF was compared with acute toxicity 
data, strong correlation, yet statistically insignificant, were found in some cases (Table 18 
and 19). Poor correlation was found between 72 h LC50 of A. gymnocephalus survival 
test and concentration of Ba (r=-0.606, p=0.585; rs=-0.866, p=0.333), Fe (r=-0.689, 
p=0.199; rs=-0.6, p=0.35) and Mn (r=-0.717, p=0.173; rs=-0.9, 0.0833). The 96 h LC50 
was also found to have weak correlation with A1 level (r=-0.531, p=0.357). A statistical 
comparison between Zn concentration and 5 min-Microtox® test data indicated weak 
correlation (r=-0.842, p=0.074; rs=-0.9, p=0.083). Whereas, the correlation with 15 min 
EC50 of the same test was even weaker (r=-0.649, p=0.236; rs=-0.8, p=0.133). No 
correlation between concentration of any metal and acute toxicity data o£E rapax test 
was shown. Although strong correlation was demonstrated in some cases, they were not 
considered statistically significant as p exceeded 0.05 in all cases. 
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Table 18. Linear correlation (r ,^ p )^ between heavy metal level in WSF and toxicity 
tests. 
Survival test Survival test on 
on E. rapax A. gymnocephalus Microtox® test 
48 h 72h 96h 5 min 15 min 
" ^ 0.664, 0.221"""0.274, 0.656~~-0.531,0.357~~0.116, 0.852~~~-0.121,0.846 
Ba 0.883,0.311 -0.606,0.585 -0.260,0.832 -0.185,0.881 0.005,0.997 
Cd 0.179,0.885 0.568,0.615 0.527,0.646 0.959,0.183 0.696,0.510 
Cr 0.305,0.803 0.457,0.698 0.413,0.729 0.988,0.100 0.783,0.427 
Fe -0.129,0.836 -0.689,0.199 0.844,0.073 0.090,0.886 0.407,0.496 
Mn 0.741,0.152 -0.717,0.173 0.505,0.385 0.232,0.708 0.426,0.474 
Ni 0.064,0.959 0.660,0.541 0.622,0.573 0.920,0.256 0.609,0.583 
Pb 0.750,0.460 -0.063,0.960 -0.112,0.929 0.928,0.242 0.991,0.085 
Zn 0.093,0.881 -0.128,0.837 -0.548,0.339 -0.842,0.074 -0.649,0.236 
r^ is linear correlation coefficient 
^Correlation is considered statistically significant at the p < 0.05 level of significance 
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Table 19. Spearman 's rank order correlation (rs^ p^) between heavy metals level in WSF 
and toxicity tests. 
Survival test Survival test on   • � 
on E. rapax A. gymnocephalus Microtox test 
48 h 72h 96h 5 min 15min 
^ 0.8，0.133 0.3,0.683 0 ^ 0.5,0.45 0 . 2 , 0 . 7 8 3 ~ ~ 
Ba 0.866,0.333 -0.866,0.333 0,1.0 0, 1.0 0, 1.0 
Cd 0.5, 1.0 0.5，1.0 0.5, 1.0 1.0,0.333 1.0,0.333 
Cr 0.5,1.0 0.5,1.0 0.5,1.0 1.0,0.333 1.0,0.333 
Fe -0.6,0.35 -0.6,0.35 0.3,0.683 -0.3,0.683 0.1,0.95 
Mn 0.5,0.45 -0.9,0.083 0.3,0.683 0.2,0.783 0.5,0.45 
Ni -0.5, 1.0 1.0,0.333 1.0，0.333 0.5, 1.0 0.5, 1.0 
Pb 0.5, 1.0 0.5,1.0 0.5,1.0 1.0,0.333 1.0,0.333 
Zn >0.2,0.783 -0.3,0.683 -0.6,0.35 -0.9,0.083 -0.8,0.133 
\ is Spearman 's rank-order correlation coefficient 
^Correlation is considered statistically significant at the p < 0.05 level of significance 
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3.1.2 Correlation between concentration oftotal polycyclic aromatic hydrocarbon 
in water-soluble fraction and toxicity tests 
The statistical comparison of total PAH level in WSF and acute toxicity data 
showed that there was no significant correlation between these two parameters (Table 
20). The comparison between total PAH level and 96 h LC50 of A. gymnocephalus 
survival test showed weak correlation (r=-0.697, 0.191; rs=-0.4, p=0.517). Negative 
correlation coefficient implied an inversely proportional relation between toxicant level 
and LC50. However, as level of significance exceeded 0.05, the correlation was 
considered statistically insignificant. 
3.1.3 Correlation among acute toxicity tests 
Neither strong nor significant correlation was shown in the statistical comparison 
between the three acute toxicity tests (Tables 21 and 22). Growth inhibition test on C. 
pyrenoidosa CU-2 was excluded from the comparison as the organism did not show 
obvious negative response to the toxicant. The comparison between 96 h LC50 o f A 
gymnocephalus survival test and 5 min EC50 and 15 min EC50 of Microtox® test 
indicated weak correlation (rs=0.5, p=0.45 and rs=0.6, p=0.35 respectively). The same 
statistical comparison incorporating 5-min Microtox® test and E. rapax survival test 
demonstrated poor correlation (rs=0.6, p=0.35). Likewise, comparison between 15 min 
EC50 of Microtox® test and 48 h LC50 of E. rapax survival test showed weaker 
correlation (r=0.527, p=0.36t rs=0.5, p=0.45). As level of significance exceed 0.05 in all 
cases, the correlation was not considered statistically significant. 
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Table 20. Linear correlation and Spearman 's rank order correlation between 
concentration oftotal PAH in WSF and toxicity tests. 
Total PAH concentration^ 
Toxicity test (rb, p ’ / (rs', p , 
Survival test on E. rapax 
48h (0.161,0.796)/(0.5,0.45) 
Survival test on A. gymnocephalus 
72h (0.332, 0.585)/(0.7, 0.233) 
96h (-0.697, 0.191)/(-0.4, 0.517) 
Microtox® test 
5min (0.428, 0.472)/(0.4, 0.517) 
15min (0.322,0.598)/(0,1.0) 
a Total concentration ofthe 16 certified PAHs in WSF 
b r is linear correlation coefficient 
c Fs is Spearman 's rank-order correlation coefficient 



































































































































































































































































































































































































































































































































































































3.2 Statistical analyses of polycyclic aromatic hydrocarbon fraction 
3.2.1 Correlation between heavy metal level and toxicity tests 
In the statistical comparison between heavy metal level and acute toxicity test 
data, neither strong nor significant association was revealed by the two statistical 
methods (Tables 23 and 24). Correlations were considered as strong if correlation 
coefficients were close to 1. As shown in Table 23, there seemed to be good agreements 
between Mn level and some toxicity tests such as 48 h survival test on P. plumulosa (r = 
0.983, p = 0.0173). As the positive value of r did not follow the inverse relationship 
between toxicant level and test endpoints (ECr50, LC50 & EC50), therefore, the 
correlation was very poor indeed. In comparison between Zn level and bioassays, strong 
correlations were found between this metal and all toxicity tests (r = -0.900, p = 0.0833 in 
all cases). However, as p>0.05, the correlation was not statistically significant. It was 
interesting to note that in Table 24, rs and p were the same in the comparison between 
each particular metal and all toxicity tests. Only six metals were included in this 
statistical analysis because the other four were undetectable in PAH fractions. No 
comparison could therefore, be performed. 
3.2.2 Correlation between total polycyclic aromatic hydrocarbon concentration in 
polycyclic aromatic hydrocarbon fraction and toxicity tests 
In the present study, concentration of total of the 16 certified PAHs in PAH 
fraction was found to have strong and significant correlation with all toxicity tests (Table 
25). For the growth inhibition test on C pyrenoidosa CU-2 and Microtox® test, both 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 25. Linear correlations and Spearman's rank order correlations between 
concentration oftotal PAH in PAH fraction and toxicity tests. 
Total PAH concentration^ 
Toxicity test (A p^) / (rs', p^) 
Growth inhibitionteston (-0.990, 0.001)/ (-1.000, 0.017) 
C. pyrenoidosa CU-2 
Survival test on P. plumulosa 
24 h (-0.841, 0.074)/ (-0.975, 0.017) 
48 h (-0.859, 0.062)/ (-1.000, 0.017) 
Survival test on S. sarba 
72 h (-0.841, 0.074)/ (-1.000，0.017) 
96 h (-0.857, 0.063)/ (-1.000, 0.017) 
Microtox® test 
5 min (-0.928, 0.023)/ (-1.000, 0.017) 
15 min (-0.930, 0.022)/ (-1.000, 0.017) 
a Total concentration ofthe 16 certified PAH in PAH fraction 
b r is linear correlation coefficient 
c Fs is Spearman 's rank-order correlation coefficient 
d Correlation is considered statistically significant at the p < 0.05 level of significance 
87 
Results 
survival test on P. plumulosa and S. sarba, good agreement was shown in Spearman 's 
rank order correlation only. 
3.2.3 Correlation between four acute toxicity tests 
Strong and significant correlations were commonly observed among the four 
toxicity tests in the present statistical comparison (Tables 26 and 27). With respect to 
linear correlation (Table 26), good associations were observed in some of the 
comparisons. Strong and significant correlations were indicated when the growth 
inhibition test on C. pyrenoidosa CU-2 was compared to all tests except the 24h survival 
test on P. plumulosa. Good agreements were also found between other combinations 
such as 24 h survival test on P. plumulosa and 5 min Microtox® test, and 72 h survival 
test on S. sarba and 15 min Microtox® test. As shown in Table 27, excellent association 
existed between any pair of acute toxicity data. It was interesting to note that Spearman's 
rank order correlation coefficient (rg) and level of significance (p) were 1.000 and 0.017 









































































































































































































































































































































































































































































































































































































































































































1 Chemical analyses of oily wastes 
1.1 Inductively coupled plasma-emission spectrometric analysis 
Heavy metals are an integral component of any crude oil. Although their 
concentrations vary, a significant proportion of the total heavy metal input into marine 
environments occurs through oil pollution. Bou-Olayan et al. (1995) has reported the 
accumulation of Pb, Cd Cu and Ni by the pearl oyster Pinctada radiata due to a 
contribution from the 1991 GulfWar oil spill. Elevated level of Cu, Ni, Pb and Zn in the 
snail Lunella coronatus and the pearl oyster P. radiata has also been documented (Bou-
Olayan and Subrahmanyam, 1997) after the Gulf War. Besides bioaccumulation of 
heavy metals, there is also excellent agreement between acute toxicity test result on sea 
urchin embryos and Zn and Hg level in porewater samples collected near oil production 
platforms in the GulfofMexico (Carr etal., 1996). 
Although oil spills are expected to contribute a high level ofheavy metals, this was 
not the case in the present study as revealed by ICP-ES analysis ofWSF. Apart from A1, 
level of all heavy metals did not exceed the background level detected in previous 
studies. According to Nordstrom (1982), concentration of dissolved A1 normally ranged 
from 0.3 ngyO. to 0.3 \ i ^ . From Table 3, it was shown that the concentration ofAl of 
Samples 1, 3 and 5 was about twice of the upper level. The mean concentration ofBa 
was 0.17 mgy'L, which was insignificant when compared to the values reported by 
Turekian et al. (1967) that ranged from 7 to 22 ^g/L for the relatively unpolluted water 
body. Likewise, background level ofCr, Cu, Pb and Zn was higher than that measured in 
the present study by several orders ofmagnitude (Livingstone, 1963; Durum et al., 1971; 
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Moore and Ramamoorthy, 1984; Dojlido and Best, 1993). Although concentration ofFe 
and Mn was close to that detected by Mance and Campbell (1988) and Durum and HafFy 
(1963) respectively, the concentration was not high enough to cause acute toxicity. 
The ICP-ES analysis of PAH fraction also showed the presence of low level of 
heavy metals. As shown in Table 4, concentration of some metals was even 
undetectable. Among the ten target metals, only A1, Fe, Mn, Ni and Zn were present in 
all or most ofthe samples. However, their amount was still insignificant when compared 
to the figures reported for used oil (Emmerson, 1980). Therefore, heavy metals in PAH 
fraction were not anticipated to cause acute toxicity. 
The findings ofthis study seemed to be contradictory to the potential hazards posed 
by heavy metals originating from oil. This discrepancy might be counted on certain 
properties of heavy metals. Heavy metals are rarely present in free form. They usually 
complex with other ions or associate with particulate matter. In the preparation ofWSF, 
only the aqueous phase was extracted. Likewise, the oil samples were purified in a way 
that both polar components and aliphatic compounds had been removed before the PAH 
fraction was obtained. As the result, a large proportion of the heavy metals was lost with 
other organic compounds in the extraction processes. 
As heavy metals are not biodegradable, they will persist in the environment with 
their level building up with time in marine sediments (Chapman, 1988). This will in turn, 
pose a threat to marine life, especially to benthic organisms and deposit feeders. 
Therefore, evaluation of effect exerted by heavy metals originating from oil should be 
made with caution in the present study. 
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1.2 Gas chromatography-mass spectrometry analysis 
Polycyclic aromatic hydrocarbons are a major component of oil. As shown in 
Table 6, composition ofthe five samples was different. Actually, composition profile is 
used as fingerprint” ofoils for tracing their source. Original level ofPAH in crude oily 
wastes was found to be very high, and that determined in PAH fraction was also elevated, 
regardless ofthe low recovery ofaromatic compounds in the extraction by SFE and silica 
gel column chromatography. In fact, those PAHs were mainly lost in SFE. In the present 
study, conditions employed in SFE were originated from Wang (1996) which were 
optimized for extracting non-polar components including PAHs from crankcase oil. As 
samples collected for this study were waste oil, they might be contaminated e.g. by water 
and solvents. In addition, these oils were mixed in a composite with all sorts of oils 
originating from a variety of sources. Composition of these samples was further 
complicated. Therefore, extraction efficiency of SFE was affected by the complicated 
matrix. 
PAHs are virtually insoluble in water due to their hydrophobic nature (log Kow=3-
8). In addition, solubility decreases with increasing molecular weight. In a study on 
PAHs in water of the Baltic Sea (Witt, 1995), 2-3 rings aromatics were shown to 
dominate in total PAH, which was followed by 4-ring aromatics. Whereas PAHs of 5 
rings or more were almost undetectable. Similar trend was observed in WSF generated in 
the present study. Although WSF constituent of the five samples varied, the most 
abundant PAHs had three rings or below. Level of PAHs was found to raise with 
increasing number of rings and PAHs of fours or more were absent in some samples. 
Concentration of most PAHs was far exceeded that of unpolluted water (50-250 ng/L). 
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Level of some PAHs was even twice of that detected in very polluted water (>1,000 
ng/L) (Dojlido and Best, 1993). 
Although amount of high molecular weight PAHs was insignificant when 
compared to their low molecular weight counterparts, their effect on marine ecosystems 
should not be overlooked. In the preparation ofWSF, the hydrophobic fraction where 
high molecular weight PAHs remained was separated from the aqueous phase. In real 
situation, however, these aromatics will accumulate in marine sediments that act as a sink 
and a reservoir for persistent contaminants. Benthic communities will be affected 
(Meador-Loo et al., 1995) and bioaccumulation of these compounds along food chain 
will be resulted (Albers, 1995). 
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2. Ecotoxicological studies of oily wastes 
2.1 Growth inhibition test on Chlorella pyrenoidosa CU-2 
Microalgae have been used extensively in the evaluation of toxicity of a wide range 
oftoxicants (Wren and McCarroll, 1990; Cheung et al., 1993; Abalde et al., 1995; Pun et 
al., 1995; Wong et al., 1995). These phytoplankton have also been proven as a sensitive 
indicator in toxicity tests on oil and petroleum products (Kauss and Hutchinson, 1975; 
Morales-Loo and Goutx, 1990). However, in the growth inhibition test on C. 
pyrenoidosa CU-2 by WSF, clear inhibition was shown by Samples 4 and 5 only. 
Obviously, C. pyrenoidosa CU-2 was not a sensitive indicator in this WSF toxicity test. 
It has been documented that microalgae show a species specific response to WSF of 
crude oil (Bate and Crafford, 1985; Morales-Loo and Goutx，1990). They exhibited 
various responses ranging from retarded growth to stimulation of growth. Baker (1970) 
claimed that the species specific response was due to difference in membrane sensitivities 
to hydrocarbons. 
In contrast, an obvious and strong inhibition on growth of C. pyrenoidosa CU-2 was 
posed by PAH fraction. It implied that the alga was sensitive to aromatic compounds as 
long as sufficient amount was present. Therefore, response of the alga to WSF could be 
counted on the inadequate amount of PAH in WSF. Aromatic fraction had been 
documented to be the most toxic to photosynthesis and respiration of microalgae 
(Batterton et al., 1978; Singh and Gaur, 1990). Inhibitory effect ofPAH was probably 
due to the interference on metabolic processes. Armstrong and Calder (1978) reported 
the interrupting of oils on photochemical electron transport systems, which in tum 
inhibited photosynthesis. On the other hand, disruption of cell membranes and 
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mitochondria by oil had also been documented (Van Overbeek and Blondeau, 1954; 
Baker, 1970). 
As mentioned in Section 4.3.1 in Materials and Methods, mixture of PAH fraction 
and seawater showed absorbance at 690 nm. In Figure 13, negative values ofabsorbance 
at 690nm were found for those cultures containing 100 and 200 mg/L of PAH fraction. 
This implied apart from growth ofC. pyrenoidosa CU-2 was arrested, some PAHs were 
also lost. The loss ofPAHs was probably due to vaporization of low molecular weight 
aromatic compounds. 
2.2 Survival tests on Elasmopus rapax and Parhyale plumulosa 
Decline in amphipod population in response to large-scale oil spill has been reported 
previously (Warwick and Clarke, 1993; Braddock et al., 1995). In the present study, oily 
wastes were proven to pose lethal effect on two local amphipod species. WSF of oily 
wastes killed E. rapax. In the other study, P. plumulosa was killed by PAH fraction. 
Borowsky et al. (1993) reported that juveniles of a marine amphipod Melita nitida were 
killed by low doses of used oil. In the same study, the proportion of females having 
misaligned setae was positively correlated with the concentration of used oil. The brood 
sizes, and reproductivity ultimately, would be reduced in those females with abnormal 
reproductive organs (Borowsky, 1983). It was also hypothesized that PAHs were the 
constituents causing abnormal development of oostegite setae. As amphipod is a benthic 
species inhabiting in sediments, accumulation of oil is hazardous to the organism of 
different life stages (Long and Chapman, 1985). 
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2.3 Survival test on Ambassis gymnocephalus and Sparus sarba 
Fish bioassay is popular in evaluating oil toxicity (Din and Abu, 1993; Al-Yakoob et 
aL, 1994). In the current investigation, WSF exerted lethal effect on a local marine fish 
A. gymnocephalus while S. sarba was killed by PAH fraction. Sensitivity of fish towards 
toxicant decreases with increasing age. Death of fish beyond the early juvenile stages 
usually requires a high dose of petroleum (Prasad, 1988). Therefore, fish fry and early 
juvenile were used which were more sensitive to toxicant. In natural aquatic 
environment, fish are exposed to spilled oil through contacting dissolved petroleum 
compounds or oil particles dispersed in water column, ingestion of contaminated food 
and water, and contacting surface oil (Malins and Hodgins, 1981). In general, fish kills 
are caused by low dissolved oxygen conditions resulting from biodegradation of oil. 
They become more susceptible to spilled oil when the epithelial tissues of gills are coated 
by oil (Schmitz, 1996). Some components such as naphthalene and phenanthrene have 
been reported to be particular toxic to fish as they can be absorbed directly through the 
gill epithelium or by ingestion. 
Apart from lethal effect, a variety ofsublethal effects have also been reported. These 
effects include changes in respiration rate (Barnett and Toews, 1978) and reduced growth 
(Fletcher et al., 1981; Al-Yakoob et al., 1996). On the other hand, lipophilic constituents 
of oil canbe deposited in fatty tissues. These compounds themselves, or their metabolic 
by-products will then be incorporated into and biomagnified along the food chain. Long-
term effect of oil on fish and the ecosystem, therefore, should not be ignored. Tainting 
can also occur in exposed fish. Significant economic impact is resulted in case they are 
of commercial value. 
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2.4 Microtox® test 
Microtox® test has been used to assess toxicity of over 1,300 chemicals (Kaiser and 
Palabrica, 1991). These chemicals include benzene (Sloff et al, 1983) and sewage 
effluent (Qureshi et al., 1984). In comparison with other bioassays or chemical analysis 
methods, Microtox® test possesses a lot of advantages. It is inexpensive and simple. The 
test is rapid so toxicity of a large number of samples can be screened within a short 
period of time. Also, sensitivity of V. fischeri is not restricted to a specific group of 
substances. Meanwhile, both synergistic and antagonistic effects can be observed. 
Moreover, Portable Microtox® analyzer makes in-situ screening of samples possible. On 
the other hand, Microtox® test is more sensitive than other animal acute toxicity tests e.g. 
Daphnia, rainbow trout and fathead minnow tests to a wide variety of environmental 
pollutants in a review conducted by Munkittrick and Power (1991). In the present study, 
Microtox® test was also proven as a sensitive method for determining toxicity of both 
WSF and PAH fraction of oily waste samples. 
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3 Statistical analyses of chemical and ecotoxicological analyses 
Those statistical analyses comparing concentration of heavy metals in WSF with the 
four acute toxicity tests showed no significant correlation between the two parameters. 
Likewise, no strong agreement was found between concentration oftotal PAHs in WSF 
and acute toxicity data. Result ofthe former analysis was expected as most ofthe metals 
existed at a concentration far below that found in unpolluted water body. They were not 
anticipated to exert lethal effect at these concentrations. However, result of the latter 
analysis was surprising. Elevated PAH level in WSF was expected to be responsible for 
the mortality or sublethal effect on test organisms. The absence of association implied 
other physical or chemical agents posed such adverse effect on these organisms. 
Constituent of oil samples used in this investigation varied as it depended on the source. 
They could be crude oil or refined petroleum products with additives added. The oil 
samples might also be contaminated in different ways before dumping. Roseth et al. 
(1996) had reported toxicity of several process chemicals using in refinery industry to 
marine organisms. Therefore, the major toxicant(s) was not restricted to heavy metals nor 
PAHs. Toxic effect of PAHs might be masked, so, a more comprehensive chemical 
analysis of oil samples should be performed. 
Regarding to the correlation between concentration of the ten heavy metals in PAH 
fraction and the bioassay data, again, neither strong nor significant correlations were 
demonstrated. The lack of association could be accounted by the loss of metals with 
aliphatic and other organic compounds during isolation of PAHs. Concentration of 
metals was so low that no acute toxic effect would be expected. However, when the 
same statistical analyses were applied for correlating concentration of total PAHs present 
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in PAH fraction and toxicity test data, strong and significant correlations were found in 
all cases. PAHs are known to cause toxicity to living organisms (Overton et cd., 1994). 
Through SFE and silica gel column chromatography, these aromatic compounds were 
built up, which in turn, increased toxicity ofPAH fraction to organism. 
In brief, PAHs could cause lethal effect to organisms in the presence of sufficient 
amount. When inadequate amount ofPAHs was present e.g. in WSF, some species like 
C. pyrenoidosa CU-2 was insensitive, obvious and adverse response, was therefore 
absent. Although lethal and sublethal effects were observed in amphipod, fish and 
bacterium, these responses were not counted on the presence ofPAHs. Toxicity ofPAHs 
was disguised by other toxicants. In the presence of concentrated PAHs e.g. in PAH 
fraction, adverse effect could be observed in all test organisms clearly. These compounds 
were major toxicants under this circumstance. 
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4. Statistical analyses between acute toxicity tests 
In order to take the ecological realism in toxicity testing into consideration, a battery 
of bioassays was selected in the study (Bernard et al., 1996). C. pyrenoidosa CU-2 
represents primary producer; E. rapax is detritus feeder; A. gymnocephalus is secondary 
consumer whereas V. flscheri acts as decomposer in ecosystem. These organisms 
exhibited different responses towards WSF. As demonstrated in the statistical 
comparison between the four toxicity tests, there was no correlation among them. Ahlf et 
al. (1989) pointed out that the comparability of bioassays is limited by the different 
sensitivities oftest organisms. None ofthe tests could therefore, substitute one another in 
evaluating toxicity of WSF. These mono-species standard tests using species from 
several trophic levels have been employed by Presutti (1994), Bernard et al. (1996) and 
Lahr (1997) and. This approach could provide a more complete picture on effect of 
pollutants on ecosystem. 
However, the four bioassays employed for assessing toxicity of PAH fraction 
showed strong and significant correlations with each other. This was probably because 
responses of these test organisms were caused by the same constituents. Therefore, 
response of any of the test organisms could be used to evaluate toxic effect of PAHs in 
oily wastes on other species. From the toxicity test data, PAH fraction of Sample 4 was 
the most toxic to all test organisms. Among these species, V. fischeri was the most 
sensitive species towards the toxicant as lowest concentration of toxicant (EC50) was 
required to cause the toxicity endpoint. Apart from the 72 h survival test on S. sarha, 




1. In the simulation of effect of oily wastes from local shipping operations on marine 
environment using water-soluble fraction as toxicant, Chlorella pyrenoidosa CU-2 
was not a sensitive indicator. Whereas lethal or sublethal effect was observed in 
Elasmopus rapax, Ambassis gymnocephalus and Vihrofischeri. 
2. Neither heavy metal nor polycyclic aromatic hydrocarbons was responsible for the 
toxic effect ofwater-soluble fraction ofoily wastes. Identity of major toxicant is still 
unknown. 
3. None of the test organisms listed in (1) could substitute one another in assessing 
toxicity ofoily wastes to marine organisms. Therefore, species from different trophic 
levels should be included in ecotoxicological studies. 
4 In assessing toxic effect of oily wastes on marine environment, both chemical and 
biological anaylses should be performed. 
5. When toxic effect ofpolycyclic aromatic hydrocarbon fraction was focused, lethal or 
sublethal efFect was noticed in Chlorella pyrenoidosa CU-2, Parhyale plumulosa, 
Sparus sarha and Vihro fischeri 
6. Polycyclic aromatic hydrocarbons in polycyclic aromatic hydrocarbon fraction were 
responsible for the toxic effect observed in test organisms. Whereas heavy metals in 
the same fraction did not exert acute toxic effect. 
7. Strong and statistically significant correlations were shown between ecotoxicological 
studies employing organisms mentioned in (4). Therefore, these organisms could 
replace one another in evaluating acute toxicity of polycyclic aromatic hydrocarbon. 
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